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The reaction of the title compound with the metal carbonyls Cr(CO)5THF, Cr(CO)4C7Hs, Mo(CO)&,Hs 
and [Rh(C0)2CI]2 resulted in the formation of the metal complexes P2[meNC(O)NmeCr(CO)s]2 7, 
Pa[meNC(O)Nme]4 [Cr(CO)& 10, Pd[meNC(O)Nme]4 [Mo(C0)4]2 11 and Pa[meNC(O)Nme]4 [Rh(CO)C1]2 
12. Under the reaction condition described no oxidative cleavage of the phosphorus-phosphorus-bond 
was observed. 10, 11, and 12 form six-membered rings containing four phosphorus and two metal atoms. 
T h e  Lewis acids SnCh and SbClJ  react with the bicyclic biphosphine under  formation of 1 : I 
P2[meNC(O)Nme]2SnC14 8 and 2: 1 P2[meNC(0)Nme]~(SbC1~)2 9 adducts. The structures of chromium- 
pentacarbonyl complex P2[rneNC(O)Nme]2Cr(CO)s 6 and bis(chromiumtetracarbonyl)-bis(~-2,4,6,8- 
tetramethyl-2,4,6,8-tetraaza-lh4-5h4-diphospha-bicyclo[3.3.O]octan-3,7-dione] 10 has been determined by 
single-crystal X-ray diffraction. 6 crystallizes in the monoclinic space group P2dc with unit cell con- 
stants u = 13.003(3), b = 9.924(2), c = 14.577(3) & p = 109.83(1)0 and 2 = 4. Full-matrix least-squares 
refinement of the structure converged with R = 0.078 and R = 0.066 for 1615 reflections with I > 2.0 
~ ( 1 ) .  10 crystallizes in the orthorhombic space group Pnma with unit cell constants a = 11.270(1), 
b = 19.497(3), c = 14.389(4) A and Z = 4. Full-matrix least-squares refinement yielded the terminal 
values R = 0.108 and R = 0.091 for 717 reflections with I > 2.0a(I). The X’P-h4P and h4P-h4P distances 
in 6 and 10 respectively are similar [2.217(4) and 2.22(1) A]. 

INTRODUCTION 

The reaction of diphosphines with metal carbonyls have been investigated’ and lead 
typically to complexes of type 1 and 2. In  2 the phosphorus-phosphorus bond is 
cleaved and a metal-metal bond formed. More recently, it has been shown that the 
pyrolysis of 1 leads to the six membered rings 3 and other by-products.’ 

R R  
I I  

(CO).M+ P - P + M(CO), 
I 1  
R R  

* Dr. Herbert Bestian in Dankbarkeit zum 70. Geburtstag gewidmet. 
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1 

To our knowledge compounds of type 4 are not known. From several reactions we 
have found out that in the title compound 5 the phosphorus-phosphorus bond is 
stable towards oxidative ~ leavage .~  We decided to investigate the reaction of 5 with 
various metal carbonyls and Lewis acids in an attempt to prepare selectively com- 
pounds of type 1,3, and 4. 

EXPERIMENTAL SECTION 

The 'H- and "P-n.m.r. spectra were recorded on a Bruker 60E and HX 90. Si(CHj)d and 85% HJPOI, re- 
spectively, were used as external standards. Mass spectra were measured with a Varian MATCH 5 and 
i.r. spectra on a Perkin Elmer 7358. Pz[meNC(O)Nme]: 5 and P2[meNC(O)Nme]2.Cr(CO): 6 were pre- 
pared according to previously reported procedures.' 

Bis(chromiumpentacarbonyl)-bis(~(-2,4,6,8-tetramethyl-2,4,6,8-tetraaza-l A'-5A4-diphospha-bicyclo[3.3.0]- 
octan-3,7-dione) 7. A solution of 2.14 g (8.1 mmol) Cr(CO)5THF in 240 ml T H F  was added dropwise to a 
solution of 0.95 g (4 mmol) 5 in 30 ml THF. After 3 days of stirring the solvent was removed. Recrystal- 
lization from T H F  resulted in colorless crystals of 7 in 72% yield (1.8 9). Anal. calcd. for 
C I ~ H I ~ C ~ ~ N ~ O I ~ P Z :  C, 31.08; H, 1.96; Cr, 16.8; N. 9.06; P, 10.02. Found: C, 30.9; H, 2.1; Cr, 16.5; N, 8.9; 
P, 9.9. IR data (Nujol): 2070 m, 2000 sh, 1990 sh, 1970 sh, 1940 s, 1700 s, 1425 w, 1410 w, 1320 m, 1260 
m, 1220 w, 1180 w. 1095 w, 1020 w, 980 w, 950 m, 900 w, 850 w, 820 w, 650 sh, 640 cm-l s. The mass 
spectrum exhibited a molecular ion (m/e 618. 8% relative intensity) and peaks corresponding to M-(CO)s 
(506, 18%): P2(NCH3CONCH3)2Cr (286, 98%); P2(NCH,CONCH3)2 (234, 69%); P2(NCH3)2CO (177, 
53%); PNCH, (60. 100%). 

Adduct of SnCL and 2,4,6,8-Tetramethyl-2,4,6,8-tetraaza-lA3-5A'-diphospha-bicyclo[3.3.O]octan-3,7- 
dione 8. A solution of 0.7 g (2.68 mmol) SnCIa in 10 ml CH2C12 was added slowly to  0.6 g (2.69 mmol) 5 
in 15 ml CHzC12. Immediately a white solid precipitated. Stirring for 3 h, filtration and washing with 
CH2C12 yielded 0.9 g (70%) 8. Anal. calcd. for C ~ H I ~ C I ~ N ~ O ~ P ~ S ~ :  C. 14.57; H, 2.43; CI, 28.68; N. 11.32; 
P. 12.53. Found: C, 14.5; H, 2.6; CI. 28.4; N. 11.3: P, 12.6. IR data (Nujol): 1560 m, 1525 s, 1515 s, 
1410 m. 1195 w. 1020 w.  980 s,  805 w. 765 m. 755 w, 720 w. 590 sh. 575 s, 555 s, 480 w, 410 w, 320 cm-l s .  

Adduct of SbCI, and 2,4,6,8-Tetramethyl-2,4,6,8-tetraaza-1A4-SA'-diphospha-bicyclo[3.3.O]octan-3,7- 
dione 9. A solution of 1.1 g (3.4 mmol) SbCI5 in 15 ml CHzCl2 was added to a stirred solution of 0.4 g 
(1.7 mmol) 5 in 10 ml CH2CI2. A white precipitate is formed. After 3 h of stirring the product was fil- 
tered off. After washing with 5 ml of CH2C12 a 92% (1.3 g) yield of 9 was obtained. Anal. calcd. for 
C ~ H ~ ~ C I I O N & P ~ S ~ ~ :  C, 8.66; H, 1.44: N, 6.73; P. 7.44. Found: C. 9.0; H, 1.6; N, 6.8; P, 7.5. IR data 
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(Nujol): 1715 s, 1440 w, 1425 w, 1375 w, 1310 s ,  1280 w, 1240 w, 1220 w, 1170 w, 975 s, 915 w, 840 m, 
740 m, 680 m, 650 w, 620 w, 560 w, 530 m, 500 w, 400 w, 370 m, 350 m, 340 cm-l w. 

Bis(chromiumtetracarhonyl)-bis(~-2,4,6,S-tetramethyl-2,4,6,S-tetraaza-lA4-5A4-diphospha-bicyclo[3.3.O] 
octan-3,7-dione) 10. 0.5 g (2.1 mmol) 5 and 0.54 g (2.1 mmol) Cr(C0)4C7Hs in 40 ml toluene were re- 
fluxed for 15 min under a stream of dry nitrogen. After keeping the reaction mixture at 85°C for 4 h the 
solvent was removed. Recrystallization of the residue from CHzClz gave 0.35 g (43%) yield of 10. Anal. 
calcd. for C ~ O H Z ~ C ~ Z N B O I ~ P ~ : C ,  30.13; H, 3.01; N, 14.06; P, 15.55. Found: C. 30.7: H, 3.5; N, 13.6; P, 
15.4. IR data (Nujol): 2020 s, 1955 s, 1935 s, 1900 s, 1700 sh, 1680 s, 1425 w, 1410 w, 1360 w, 1310 s, 
1215 w, 1170 w, 950 m, 820 m, 760 w, 640 s, 625 cm-l sh. 
Bis(molybdenumtetracarhonyl)-bis(CI-2,4,6,8-tetramethyI-2,4,6,S-tetraaza-l A4-5A4-diphospha-bicyclo[3.3.0] 

octan-3,7-dione) 11. A suspension of 1.1 g (4.7 mmol) 5 and 1.4 g (4.7 mmol) Mo(CO)4C7Hs in 60 ml 
T H F  was warmed up to  7OoC in a dry nitrogen atmosphere. After the solid was dissolved a white solid 
precipitated. The reaction mixture was kept a t  70°C for additional 4 h. The product was filtered off and 
recrystallized from CHzC12 t o  produce white crystals of 11 in 73% (1.5 g) yield. Anal. Calcd. for  
C20H24Mo2N8O12P4: C, 27.12: H, 2.72; N, 12.67; P, 14.01. Found: C, 27.4; H, 2.9; N, 12.8; P, 14.0. IR 
data (Nujol): 2030 s ,  1960 s, 1940 s, 1910 s, 1705 sh, 1685 s, 1410 w, 1360 w, 1320 s, 1260 w, 1220 w, 1165 
w, 1015 w, 950 m, 810 m, 750 w, 710 w, 630 cm-' w. 
Bis(rhodiumcarhonylchloride)-bis(~-2,4,6,8-tetramethyl-2,4,6,8-tetraaza-l A4-5A4-diphospha-hicyclo[3.3.0] 

octan-3,Fdione) 12. A suspension of 1.2 g (5.13 mmol) 5 and 1 g (2.57 mmol) [Rh(C0)2C1]2 in 50 ml to- 
luene was heated to 70°C until the evolution of CO gas ceased. After filtration and washing with C H ~ C I Z  
12 was obtained in 59% (1.2 g) yield. Anal. Calcd. for C I ~ H Z ~ C I ~ N ~ O ~ P ~ R ~ Z :  C, 21.0; H, 3.0; N, 13.99; P, 
15.47. Found: C ,  20.9; H, 3.2, N, 13.8; P, 15.4. IR data (Nujol): 2020 s, 1700 s, 1430 s ,  1405 s, 1310 s, 
1260 m. 1220 m, 1170 w, 1020 w, 965 s, 820 s, 750 s, 725 s, 630 w, 610 cm-' s. 

Data Collection for 6 and 10. Measurements were carried out on a Syntex P21 diffractometer, for 6 
with graphite-monochromated MoK, radiation and for 10 with graphite-monochromated CUK, radia- 
tion. Details of the intensity data collection and the structure refinement are presented in Table l. Unit 
cell constants were obtained by least-squares refinement of 28-settings for 15 high-angle reflections f 
(hkl) .  Intensity data were collected in the 8-28 mode to  a maximum 28 value of 50" for 6 and 105" for 10. 

TABLE 1 

Experimental Details of the X-ray Diffraction Studies of 6 and 10 

Crystal data 
fw 426.2 

Unit cell constants (20 rt l°C) 
space group R l / C  

a.  A 13.003(3) 
b, A 9.924(2) 
c, A 14.577(3) 
a,  deg 90 
P. deg 109.83( I )  
Y .  deg 90 
z 4 

Deeicd, gcm-' 1.60 

crystal size (mm) 
radiation MoKa 

Measurement of Intensity Data 
0.30 X 0.08 X 0.35 

scan mode 8-28 
scan speed, deg min-l 
28 angular range 

abs correction, cm-' 8.0 

2.02 - 9.77 
30 G 28 G 500 

reflections measured 3096 

Structure Refinement 
I 2 2.0 u (I) I observation criterion 

no. of reflections 1615 
g (weighting factor) 0.003 
R 0.078 
R W  0.066 

796.4 
Pnma 

11.270( 1) 
19.497(3) 
14.389(4) 
90 
90 
90 
4 
1.67 

0.04 X 0.06 X 0.48 
CuKo 

2.02 - 9.77 

1699 
80.5 

8-28 

3.50 G 28 G 1050 

I2 2.0 u (I) 
717 

0.002 
0.108 
0.091 
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Three control reflections were monitored every 50 reflections. No significant deviations in their intensi- 
ties were observed. The net intensities of each reflection were given by I = [P - (B1 4- B2)]S, where P is 
the total scan count. B1 and B2 are the stationary left and right background counts, respectively, each 
measured for half of the total scan time, and S is the scan rate. The standard deviation of the net inten- 
sity is then defined as 

u( l )  = [P  + (B1 + B2)I"'S 

Reflections were scanned from I .  1" below the K,, to I .  1' above the K,, 20 value. Absorption corrections 
were applied empirically on the basis of azimuthal scan data with $I intervals of 20" for 20 strong reflec- 
lions in various regions of reciprocal space. After reflections with I < 2.0 u ( I )  had been treated as unob- 
served, data reduction yielded 1615 and 717 independent reflections for 6 and 10 respectively. The 
number of observable reflections (and hence the quality of the X-ray analysis) for both compounds, and 
in particular 10, was limited by the small size of the best available crystal. In order to  increase the 
number of observable reflections CuK. radiation was employed for the intensity data collection for 10. 

Structure Solution and Refinement for 6 and 10. Both structures were solved by use of Patterson and 
difference syntheses. Refinement was by full-matrix least squares with ZwA2 being minimized. Aniso- 
tropic temperature factors were introduced for all non-hydrogen atoms in 6. The Cr atoms and two of 
their respective carbonyl ligands lie on a crystallographic mirror plane. Anisotropic temperature factors 
were introduced for all non-hydrogen atoms in 10 with the exception of the C and 0 atoms of the car- 
bony1 groups which lie on the mirror plane. The methyl groups of both 6 and 10 were refined rigidly 
with d(C-H) = 1.0SA and tetrahedral bond angles. Group isotropic tem erature factors were intro- 
duced for the hydrogen atoms. Weighing schemes were given by w = k (0 (Fo) + g & ) - I ,  where g was 
fixed at respectively 0.0003 and 0.0002. Refinement of the structures employing all measured reflections 
led to values of R ,  of 0.094 for 6 (3096 reflections) and 0.149 for 10 (1699 reflections). The scattering fac- 
tors for the non-hydrogen atoms were taken from Cromer er d4 and for  the hydrogen atoms from Stewart 
et a/.5 Computations were performed on a PDPIO computer with the use of SHELX (G. M. Sheldrick), 
ORTEP' (C. K .  Johnson) and locally developed programs. Atom coordinates and thermal parameters 
for  6 and 10 are presented in Tables 2, 3 and 4 and tabulations of observed and calculated structure fac- 
tors are available. 

P 

RESULTS AND DISCUSSION 

Synthesis 

The reaction of Cr(CO)5THF with the title compound, a bicyclic diphosphine, re- 
sults exclusively in the formation of the 1 : 1 6 and 2:  1 7 metal diphosphine complex 
without any oxidative cleavage of the phosphorus-phosphorus bond. 

0 

2 Cr(C0I5THF + 2 

E 
CH -N/ 'N-CH~ 

3 \  / 
(CO) 5Cr-P-P-Cr (CO) + 2 THF 

f \  
CH -N' 'N-CH~ 

3 \/ 

The proposed structure' of 6 was confirmed by X-ray analysis. Bond distances and 
angles of 6 are given in Table 4. 

The bischromiumpentacarbonyl complex 7 can be transferred into the gas phase 
without any noticeable decomposition. In the mass spectrum the molecular ion is 
observed at m/e 618 with 8% relative intensity. 7 can be stored in air without de- 
composition, it is soluble in C H K h  and ether and can be recrystallized from THF. 
The 3'P-n.m.r. signal lies in the characteristic region for tetracoordinated phospho- 
rus (Table 5). 
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METAL COMPLEXES WITH 5 AS A LIGAND 

TABLE 4 

Bond Distances (A) and Angles (deg.) of 6 

167 

P( I)-Cr 
C(12)-Cr 
C( I4)-Cr 
P( 1)-P(2) 
P(I)--N(4) 
PQ)-N(6) 
C(2)-N( 1 ) 
C(3)-N(3) 
C(5)-N(4) 
C(6)-N(6) 
0(5)-C(5) 
O(12)-C( 12) 
O( 14)-C( 14) 
C( 1 1)-Cr-P( 1) 
C(12)-Cr-C(11) 
C(13)-Cr-C(11) 
C( I4)-Cr-P( 1) 
C( 14)-Cr-C(12) 
C( I5)-Cr-P( 1) 
C( 15)-Cr-C( 12) 
C( 15)-Cr-C( 14) 
N( I)-P( I)-Cr 
N(4)-P( I)-Cr 
N(4)-P(I)-N( 1) 
N(6)-P(2)-P( 1 ) 
C( I)-N( I)-P( 1) 
C(2)-N( I)-C( 1) 
C(3)-N(3)-P(2) 
C(4)-N(4)-P( 1) 
C(5)-N(4)-C(4) 
C(6)-N(6)-P(2) 
N(3)-C(2)-N( 1) 
0(2)-C(2)-N(3) 
0(5)-C(5)-N(4) 
O( 1 1)-C( 1l)-Cr 
O( 13)-C( 13)-Cr 
O( 15)-C(15)-Cr 

2.323(3) 
1.934(12) 
1.906( 12) 
2.217(4) 
1.695(7) 
1.686(7) 
1.386(13) 
1.486(13) 
1.396( 11) 
1.473( 12) 
1.203( 10) 
1.101( 15) 
1.124( 15) 

175.2(3) 
91.4(5) 
87.7(5) 
93.5(3) 
87.3(5) 
88.0(3) 
89.5(5) 

176.5(5) 
116.9(2) 
119.8(3) 
106.9( 4) 
90.5(3) 

12 1.0(7) 
116.9(9) 
120.1(8) 
122.3(5) 
117.1(7) 
118.5(6) 
112.5(9) 
123.4(9) 
123.7(9) 
176.7( 12) 
176.0(9) 
178.5(8) 

C( 1l)-Cr 
C( 13)-Cr 
C( 15)-Cr 
P( 1 )-N( 1 ) 

C( 1 )-"I) 

C(4)-N(4) 
C(5)-N(6) 
0(2)--c(2) 
O( 1 I)-C( 11) 
O( 13)-C( 13) 
O( 15)-C( 15) 

~ ( 2 ) - - ~ ( 3 )  

~ ( 2 ) - - ~ ( 3 )  

C( 12)-Cr-P( 1) 
C( 13)-Cr-P(1) 
C( I3)-Cr-C( 12) 
C( 14)-Cr-C( 1 1) 
C( 14)-Cr-C( 13) 
C( 15)-Cr-C( 11) 
C( 15)-Cr-C( 13) 
P(2)-P( 1)-Cr 
N( 1)-P( 1)-P(2) 
N(4)-P( I)-P(2) 
N( 3)-P( 2)-P( 1 ) 
N(6)-P(2)-N(3) 
C(2)-N( 1)-P( 1) 
C(2)-N(3)-P(2) 
C(2)-N(3)-C(2) 
C(5)-N(4)-P( 1) 
C(5)-N(6)-P(2) 
C(6)-N(6)-C(5) 
0(2)-C(2)-N( 1) 
N( 6)-C(5)-N(4) 
0(5)-C(5)-N(6) 
O( 12)-C( 12)-Cr 
O( 14)-C( 14)-Cr 

1.885(10) 
I .900( 12) 
1.902( 1 1) 
1.699(9) 
1.694(9) 
1.477( 15) 
1.383( 14) 
1.455( 12) 
1.390( 12) 
1.183( 14) 
1.1 19(13) 
1.111(15) 
1.126( 13) 

9 1.9(3) 
89.2(3) 

177.7(5) 
90.2(5) 
90.6(5) 
88.5(4) 
92.6(5) 

124.1(1) 
91.1(3) 
92.4(3) 
91.4(3) 

106.1(4) 
122.0(7) 
12 1.9(7) 
118.1(10) 
120.3(6) 
122.9(5) 
118.4(7) 
123.9( 10) 
112.6(7) 
123.8(8) 
176. I(  10) 
177.7(11) 

The Lewis acids SnCh and SbCls form 1 : 1 and 2:  1 adducts with 5. On the basis 
of i.r. spectroscopy we assume that the tin compound 8 forms molecules in which 
the oxygen atoms of the carbonyl groups are coordinated to the tin. The strong ab- 
sorptions at 1525 and 1515 support a cis coordination while the medium strong 
band at 1560 cm-' can be assigned to a trans coordination. As a result of the insol- 
ubility of 8 in proton free solvents, we were not able to separate both isomers. Due 
to the strong absorptions at 1715 cm-I of the antimonypentachloride adduct 9 we 
favor a coordination of the antimony via the phosphorus atoms. 

We have found that 5 and Cr(CO)dC7Hs, Mo(C0)4C7Hs and [Rh(C0)2C1]2 in 
equimolar stoichiometry react to produce compounds containing a six-membered 
ring. The formation of three-membered rings of type 10a was not observed. 
10 forms colorless crystals which were purified by recrystallization from CHZCIZ. 
The "P-n.m.r. spectrum allows no definite statement of the symmetry and bonding 
of the phosphorus ligand since only one sharp singlet has been observed at 
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168 W. S. SHELDRICK, H. W. ROESKY A N D  D. AMIRZADEH-ASL 

TABLE 5 

Summary of n.m.r. data for 7, 10, 11 and 12 

Compound Chemical Shifts @pm)" Coupling Constants (Hz) 

IH "P 
Pz[meNC(O)Nme Cr(CO),]z (7) 3.2 119.9 JPNCH, 4.5 
P4[meNC(O)Nme]4[Cr(C0)4]~ (10) 3.25 55 JPNCH, 4.5 
P4[meNC(0)Nme]4[Mo(C0)4]2 (11) 3.2 71.1 JPNCH, 4.5 
Pp[meNC(O)Nme]4[Rh(CO)CI]2 (12) 3.25 57.52 Jp-p, 186.1 

aSee Experimental Section for statement of references used. All substances were dissolved in CHzC12. 

6 = H5.0 ppm. In comparison the 1 : 2  Cr(CO), complex 7 exhibits one resonance 
signal at 6 = +119.9 ppm. The n.m.r. data are summarized in Table 5 .  In methyl- 
enchloride the osmometric molecular mass determination was found to be 877. The 
value lies in the range of the dimer 10. The mass spectrum of 10 shows as the high- 
est fragment the diphosphine of 5 at m/e = 234. An unambiguously structural as- 

-b + Cr (CO) 4C,H8 
+ C7H8 

* I o = c :  

1P -- 
signment could only be made by an X-ray structural analysis. The reaction of 5 
with the corresponding molybdenum complex results in the formation of 11. In 
analogy to 10, a six-membered ring with two metal and four phosphorus atoms is 
assumed for 11 and the rhodium chloride complex 12. 

Discussion of the Molecular Structures of 6 and 10 

Perspective views of the molecular structures of 6 and 10 are given in Figures 1 and 
2. A dimeric structure for 10 is confirmed by the X-ray structural analysis. Only 
minimal distortion of the octahedral coordination geometry of the Cr-atom in 6 is 
observed. The Cr-P(l) distance of 2.323(3) A lies in the middle of the region of 
known Cr-P bond lengths, which range from 2.25 A in t r a n ~ - C r ( C 0 ) 4 [ P ( O C s H ~ ) ~ ] ~ ~  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL COMPLEXES WITH 5 AS A LiGAND 169 

C13 
-Y 

@02 

011 

FIGURE 1 Structure of 6 with atomic numbering. 

to 2.42 A in [(tripho~)CO(GPj)Cr2(CO)m].~ An indication of a trans-effect in 6 is 
given by the fact that the Cr-C(l1) bond distance of 1.885(10) A is shorter than 
those of the other Cr-C bonds. This difference is not, however, significant. In con- 
trast, a pronounced shortening of the Cr-C bond trans to  the Cr-P bond of 0.043 
and 0.061 A relative to the mean values of the other Cr-C bond pairs has been ob- 
served in the analogous complex P4(Simez)Kr(CO)s. The bicyclic phosphine li- 
gand in 6 displays an "open-book'' arrangement of the two five-membered PzNzC 
rings joined along the P-P bond. The h3P--h4P distance of 2.217(4) A is similar to 
that of 2.222(2) A observed for the h3P--A3P bond in the free ligand.3 These values 
fall within the typical range (2.16-2.24 A) for the P-P bond length, which is inde- 
pendent of oxidation state and nature of the substituents." The molecular dimen- 

10 

Q 

"06 
FIGURE 2 Structure of 10 with atomic numbering 
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170 W. S. SHELDRICK, H. W. ROESKY AND D. AMIRZADEH-ASL 

sions of the bicyclic ligand in 6 are in accordance with an approximate 
Cwsymmetry . 

The very limited quality of the X-ray analysis of 10, which is a consequence of 
the small size of the best available crystal, precludes a detailed discussion of bond 
lengths and angles. 

10 displays crystallographic Ch-symmetry with both Cr-atoms and two of their 
respective CO-ligands lying in the mirror plane. The Cr-P distances of 2.30(1) and 
2.34( 1) A are similar to that in 6. The bicyclic phosphine ligands display the “open- 
book” arrangement. The h4P-h4P distance of 2.22(1) A is similar to the h3P-h4P dis- 
tance in 6 and the h3P-h3P distance in the free ligand, thereby underlining the inde- 
pendence of the P-P bond length from the oxidation state of the P atoms. A 
similar dimeric structure has been found for [P4(Simez)3Cr(C0)4]2.’o 

Supplementary Material Available: 

Compilations of observed and calculated structure factors on an absolute scale 
( 

I 

pages). Ordering information is given on any current masthead page. 
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